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dynamics. However, damages caused by these fires are mostly vast in economic and environmental terms [1] . Also, most wildfires happen in patchy landscapes where boundaries among forests, agricultural and urban areas might be vague, representing a risk for human lives and beings. In particular, the expansion of wildland urban interface areas in some countries such as the United States ( [2] and [3] ) rises these risks. Also, the systematic suppression of fires increases fuel accumulation and brings to dangerous situations (this is known as the fire suppression paradigm; [4] ). Furthermore, several human-derived factors (e.g., roads, population density, land use changes, etc.) are determinant in fire ignition [3] , [5] , [6] . Hence, anthropogenic activities directly or indirectly play a major role in forest fire dynamics, with 95% of wildfires in the Mediterranean region being caused by humans [1] , [7] [8] [9] .
Besides human activity and fire suppression, biogeophysical factors (mainly vegetation, topography and weather) strongly condition fire patterns and the extension of burned area [6] , [8] , [10] [11] [12] . Vegetation abundance, structure, and distribution are determinant in wildfire ignition and spread [13] . Topography influences vegetation distribution, local climate, and fuel moisture, and produces supplemental wind effects in steep slopes [13] , [14] . Weather, in turn, plays a key role on the ignition conditions as it determines the fire environment [5] . In particular, wind is the most important driver of fire propagation as it desiccates fuels and drives fire fronts [13] . The coexistence of strong winds with high temperatures and dry soil conditions favors the occurrence and spread of large wildfires at regional scales [15] , [16] , and can lead to vast burned extensions even in a few days (e.g., [16] ). In this context, a thoroughly study of moisture and temperature influence on wildfires is paramount.
Present changing climate conditions and, more particularly, the increase on temperatures and on the duration and intensity of droughts, are leading to larger and more frequent forest fires, as a result of facilitated drying and combustion of vegetation fuels [17] . This situation is critical in regions such as the Mediterranean basin, where temperatures are expected to increase by 3-5°C during the current century [18] . Moreover, the climate in regions such as the Iberian Peninsula favors wildfire occurrences and propagation mainly during summer, when the high number of fire outbreaks difficult fire extinction tasks, especially in Portugal. This factor, combined with low rainfall and high temperatures, favors the occurrence of large forest fires particularly in the driest years (e.g., fires up to 32 400 ha in 2012). Moisture and temperature have a major influence on the burning risk as they affect the water content of litter which, in terms of forest fire ignition and propagation capacity, is the most dangerous fuel [19] . Thus, the study of moisture and temperature conditions prior to fire occurrence is important to further our understanding of the weather-fire relationship. This can help improving forest fire risk assessment, which is crucial both for prevention and for fast reaction in case of wildfire.
Concerning to the Iberian Peninsula, the Fine Fuel Moisture Code (FFMC) is one of the most important variables in forest fire prediction in northwestern Spain [5] . The FFMC is strongly related to soil moisture. As explained in [19] , soil moisture is a limiting factor in wildland fire propagation in the region, as it determines fuels' flammability. In that regard, drought was one of the influencing factors in the 2003 heat wave, which led to record-breaking wildfires in Portugal in that summer [16] , [20] . Most widely-used fire risk indices employ information on soil moisture and litter water content. The previously mentioned FFMC, or the United States National Fire Danger Rating System [21] , [22] , are good examples of indices using indirect information of litter's moisture. However, these indices are entirely based on in situ meteorological data, and require a high density of meteorological stations to provide good coverage. Moreover, the moisture information used is not directly obtained in most stations, but inferred from other variables (e.g., temperature, precipitation or relative humidity). Alternatively, a quantitative estimation of soil moisture is provided by recently launched satellite missions dedicated to measuring the Earth's surface soil moisture: the ESA's Soil Moisture and Ocean Salinity (SMOS; [23] ) and the NASA's Soil Moisture Active Passive (SMAP; [24] ). Earth observing satellites provide frequent data cover and accurate information that could help forest fire prevention activities. In [25] , a soil moisture dataset derived from Earth Observation Satellites (ERS-1/2) was used to study prefire conditions in Central Siberia. The authors concluded that wet soil surface limited the extent of burned area and that 80% of wildfires occurred under dry soil conditions in summer. Also, soil moisture data from the Advanced Microwave Scanning Radiometer-Earth Observing System (AMSR-E) was used in [26] , identifying surface moisture as an important factor determining the evolution of extreme wildfire events in the region of Lake Baikal (Siberia). However, these studies were conducted in very different conditions from those found in the Iberian Peninsula. Also, the measurements from ERS-1/2 and AMSR-E were limited by low penetration through vegetation and by high exposition to RFI [23] .
The ESA's SMOS mission, launched in 2009, is the first space mission specifically launched to measuring soil moisture. SMOS operates at the L-band protected frequency and provides global maps of surface soil moisture (top 5 cm) every 3 days with a spatial resolution of ∼40 km, and a target accuracy of 0.04 m 3 m −3 [27] . Moreover, vegetation at this frequency is transparent till 5 kgm −2 , which permits measuring soil moisture in approximately the 65% of emerged lands. The SMOS resolution serves global climate-related applications but is too coarse for regional and practical applications which require higher spatial resolutions on the order of 1 km or less. In this regard, a SMOS-derived soil moisture product at fine scales has been derived by combination with soil surface temperature and NDVI, using the downscaling algorithm in [28] . These maps are available at the Barcelona Expert Centre (BEC) web service [29] .
BEC fine-scale SMOS data and ERA-Interim reanalysis of land surface temperature were used in [30] to conclude that dry and hot soil conditions preceded big wildland fires occurrence whereas smaller fires tended to present wetter and colder conditions. From this analysis, forest fire risk thresholds dependent on moisture and temperature were obtained. These were later used to produce experimental fire risk maps that, since July 2015, are available in near real time at BEC facilities [29] . These maps have been used by the Barcelona Provincial Council's forest fire prevention service in their early warning system, to provide information on extremely dry soil and vegetation conditions posing a risk of wildfire. This study leverages from this work, and focuses on three main aspects: 1) understanding the relationship between soil moisture-temperature combined information and wildfire burned area in the Iberian Peninsula and Balearic Islands, 2) determining the usefulness of SMOS observations in assessing wildland fire potential burned area, and 3) developing a model relating surface moisture-temperature conditions to the extent of wildfires. Hereafter, the potential extent of a wildfire is defined as the maximum spread at given moisture-temperature conditions. To achieve these three objectives, the relationship between soil moisture, land surface temperature and burned area over the study region was analyzed for the period 2010-2014. A model is proposed to estimate the potential extension of forest fires as a function of soil moisture, surface temperature, and complementary data of land cover, regions, and the month of the fire outbreak.
II. MATERIALS AND METHODS

A. Data
The present study was carried out on the Iberian Peninsula and the Balearic Islands during the period 2010-2014. The set of variables included fire burned area, soil moisture and land surface temperature conditions prior to fire occurrence, land cover, regions, and the month of the fire outbreak.
SMOS-derived soil moisture data at 1 km resolution, for ascending passes (∼6 A.M. local time) was used [28] , [29] . Daily land surface temperature (LST) at 0.125°was obtained from ERA-Interim models of the European Centre for MediumRange Weather Forecasts (ECMWF; [31] ). It is a reanalysis dataset for 12 A.M. (local time). It was interpolated to the soil moisture 1 km grid using the nearest neighbor method.
Land cover data from CORINE Land Cover Map [32] at 250 m resolution was used to classify the fires depending on the vegetation burned. CORINE provides 44 categories of land cover classified in 5 groups: artificial surfaces, agricultural areas, forest and semi-natural areas, wetlands, and water bodies. Also, it was needed to classify fires in function of their geographic region and its biogeophysical and climatic characteristics. The 53 ecoregions defined by the Spanish Forest Service were useful to this proposal, as it has been previously shown in [5] . In Portugal, the geographical division was based on the map of phytogeographic regions included in the environmental atlas of Portugal [33] .
Finally, a forest fires dataset containing fires affecting more than 10 ha for the period 2006-2014 was provided by the European Forest Fires Information System (EFFIS, [34] ). The Fig. 1 . Approximately the 90% of those fires were smaller than 1000 ha, while the remaining 10% was larger. Only six fires were larger than 10 000 ha (see Table I ).
B. Study Area
The study area included the Iberian Peninsula and the Balearic Islands (−9.9°W-4.4°E; 43.9°N-35.9°N) covering approximately 600 000 km 2 . It contains three main climatic regions: 1) the Mediterranean region, which suffers hot and dry summers, but mild winters; 2) the central plateau, which has a continental climate with hot summers and cold winters; and 3) the Atlantic regions (northern Iberian Peninsula and west of Portugal) which have smaller seasonal contrast of temperatures and precipitations, with fresh summers and mild winters.
The Iberian Peninsula is a high fire-risk region [5] , [35] , [36] , where wildland fires cause important damage and economic loss. During the period 2010-2014, a total of 763 568 ha burned (only considering fires >10 ha registered in EFFIS). However, this number broadly varied among different years. The geographical distribution of wildfires and their area are shown in Fig. 1 . In 2010, 2011 and 2013, the burned area ranged between 125 000 and 191 000 ha. Rarely, only 33 500 ha were burned in 2014, which was a cold and wet year. In contrast, in 2012 temperatures were generally 2°C above the mean and precipitations 15% below it (reference period 1971-2000; [37] ). Fig. 2 shows the evolution of burned area and number of forest fires during 2012, when the accumulated burned area almost doubled that from other years (272 670 ha). The drought situation during that year favored the occurrence of big forest fires (up to ∼32 500 ha) especially in the Mediterranean region (see Fig. 1 ). In this region, the availability of fuel is usually a limiting factor to fire propagation. However, after long periods of low fire activity, this situation changes and enough combustible is finally accumulated. Then, low humidity and high temperatures pose a high risk of large fires (see [38] ). In contrast, forested landscape prevails in the northern regions, where typically numerous but smaller wildfires burn (see Fig. 1 ) due to the availability of a lot of fuel under more humid conditions. This pattern is characterized by an increase in burned area due to high number of relatively small fires (see Fig. 3 ; e.g., 2010 and 2013), rather than to few but big fire occurrences like in the Mediterranean region. However, anomalous dry and hot conditions also led to large forest fires in northern Spain and northern Portugal during February and March 2012 (see Fig. 2 ; fire extensions up to 2000 ha) and during October 2011 (see Fig. 3 ; burned area up to 2700 ha). Fi- 
C. Data Preparation
In order to obtain one single datum per variable and burn episode, the GIS layout containing forest fire perimeters was clipped to soil moisture, land surface temperature, land cover and regions layers. The median soil moisture and land surface temperature of all pixels within each fire were calculated and assigned to each episode. A 3% of fires did not account with moisture and/or temperature data for the day of occurrence to three days backwards, and were therefore eliminated from the database. This resulted in a final database containing 2013 forest fires.
One single category of land cover was assigned to each wildfire, corresponding to the modal cover within the fire-affected area. Agricultural lands were considered as a single cover category.
The region was also assigned to each forest fire. In the few cases in which a fire occurred across more than one region, the region assigned to the episode was the one containing the larger burned area. Regions were grouped as shown in Fig. 4 in order to simplify the study. Due to different climates and forest fire patterns, ecoregions in the north of Spain (28.9% of fires) and Mediterranean regions (4.8% of fires) were considered separately. A third group was formed with the central Spanish ecoregions (5.7%) located in inland Peninsula and, in most cases, within the continental climate of the central plateau. In Portugal, the general phytogeographic classification assembles 24 regions in three general groups (North, Centre and South; [33] ). However, in order to consider different biogeographic characteristics within the country [40] , [41] , here five regions were finally delimited: northwestern Portugal (43.2% of fires), northeastern Portugal (13.6%), Atlantic-Centre (2.8%), Alentejo (0.8%) and Algarve (0.2%).
III. LINEAR MODEL TO PREDICT POTENTIAL EXTENSION OF WILDFIRES
A. Characterization of Soil Moisture-Land Surface Temperature Prefire Conditions
Firstly, pre-fire conditions were compared with unburned areas. For this purpose, a second database was built including soil moisture and land surface temperature data in more than 50 000 unburned cells per year. These cells were chosen ran- Fig. 5 . Soil moisture-land surface temperature conditions comparison between burned and unburned areas during 2013. Green points, red triangles and black squares correspond to wildfires <500 ha, 500-3000 ha and >3000 ha, respectively. They are plotted as a function of moisture and temperature conditions prior to forest fire occurrences. Black dashed lines show the median soil moisture and land surface temperature during 2013 in unburned pixels. The distribution for both variables in not burned areas during 2013 is shown as ‰ of pixels and days presenting each pair of moisture-temperature values. White represents < 0.1‰. domly after excluding 1) pixels without inflammable soil uses (based on CORINE Land Cover Map), and 2) all the burned cells from 2006 to the study year. The latter criterion was used as previously burned cells are less probably affected by wildland fires until vegetation recovers some years later. Once the databases were prepared, moisture and temperature conditions for both burned and unburned cells were plotted. Fig. 5 shows results for year 2013 as an example. Note that fires were classified in three groups (<500, 500-3000, and >3000 ha) in order to simplify interpretation. It can be seen that, although dry and warm conditions are usual in the Iberian Peninsula, the distribution of burned cells showed narrower ranges within the two studied variables in comparison to unburned pixels. In particular, density areas with >3‰ of the unburned points are characterized by moisture under 0.10 m 3 m −3 , and by temperature above 300 K. Most burned areas were in drier and hotter conditions than the annual median for both variables in the unburned zones. The percentage of pixels with drier and hotter soils than the median was 77.3% for wildfires <500 ha, 88.5% for wildfires between 500 and 3000 ha, and 100% for wildfires >3000 ha. Consequently, low soil moisture and high land surface temperatures led to the largest forest fires.
B. Development of the Predictive Model
Soil moisture and temperature were plotted against burned area, which was logarithmically transformed (decimal logarithm). Fig. 6 shows that the distribution results in triangleshaped plots where both moisture and temperature limit the fire extent. A regression was fit along the imaginary hypotenuse of each triangle to express the maximum burned area as a function of soil moisture and land surface temperature. As there was no strong redundancy between moisture and temperature (r = −0.54; Pearson correlation coefficient), the two variables were combined in a single model. Model fitting was carried out randomly sampling a 70% of the dataset, while the remaining 30% was used later for validation. In order to perform the regression analysis, it was necessary to define bins for soil moisture and land surface temperature, and assign a value of maximum burned area to each bin. This approximation was founded on other studies based on triangular-shaped relationships between environmental variables [42] , [43] . Here, in order to increase the sample, it was decided to include in the regression all wildfires larger than the 90th percentile of burned area for each bin.
To study the impact of the bin width on the results, several binning possibilities (from [0.005
were explored for the following linear regression:
where LogArea corresponds to the decimal logarithm of burned area, SM states for soil moisture, and LST for land surface temperature. Their corresponding coefficients are a and b. Higher order models did not improve the fitting (results not shown). Forest fires with moisture and temperature at the extremes of the variables' ranges (beyond percentiles 5 and 95) were eliminated, as the sample of fires is reduced in that conditions and do not show a representative maximum according to the moisture-temperature data. The best regression in terms of R and from 289.8 to 314.3 K, respectively. Using this result as a basis, a linear model predicting the potential extent of forest fires was developed including land cover, the month when the wildfire occurred, and the region of burning as additional variables. The interactions soil moisture × month, soil moisture × region, and temperature × region were also included in the model as their effects were significant. The interaction soil moisture × land cover and the interactions combining land surface temperature with month and land cover were not significant and were therefore excluded. Eight land cover categories were considered: broadleaved forests, coniferous forests, mixed forests, heathlands and moors, sclerophyllous vegetation, natural grasslands, woodland-shrub transitions and sparse vegetation areas. Concerning to months, the analyzed forest fires occurred in February, March, April, June, July, August, September, and October. Wildland fires occurring in other months, as well as those burning in agricultural areas did not achieve a minimum sample (n ≥ 5) and were excluded. The same happened for the Portuguese regions of Alentejo, Algarve, and CentralAtlantic regions, where the amount of data was not sufficient. As a result, the model only considered the northernmost regions of Portugal. The final sample was of 168 forest fires (see Table  II ). The resulting model can be expressed as
where c is the intercept corresponding to the logarithm of the potential burned area in the northern Peninsula, on February, for a broadleaved forest land cover. M, LC and R correspond to the additive terms of month, land cover, and region, respectively. The term a (M ,R) is the slope for soil moisture (SM), which depends on the month and the region, and b (R ) is the slope for land surface temperature (LST), which depends on the region. The analysis of the variance of the model is reported in Table III . The coefficients and terms of the model are reported in Table IV .
As some months were excluded in the proposed model, it was necessary to provide a complementary equation without the variable month, which could be validated and later used in operational applications during January, May, November and December. This model contains the same terms and structure detailed in (2) with the only difference that months were eliminated Analysis of the Variance for the proposed model of potential extension of wildfires as a function of soil moisture, land surface temperature, month, region, and land cover. Significance (Sig.) is given as p < 0.1(.), p < 0.05( * ), p < 0.01( * * ) and p < 0.001( * * * ).
Similarly, agricultural lands were not considered in the main model, so a complementary equation excluding the land cover variable is needed for these areas
IV. RESULTS
The model defined in (2) explained 68% of the variance of the potential extension of wildfires (see Table 3 ). In particular, 33.1% of the variance was explained by soil moisture, 19.8% by land surface temperature, 2.5% by the month when the forest fire occurred, 6.6% by the majorly affected land cover, and 3.1% by the region where the fire took place (see Table 3 ). The complementary model excluding months (3) explained 62% of the variance, while the model without the land cover variable showed in (4) explained 64%. (2) of potential extension of wildfires as a function of soil moisture, land surface temperature, month, region, and land cover. The significance of all effects is referred to the northern Iberian Peninsula (North), in broadleaved forests (ForB), on February (intercept). Estimates in shaded areas are additive to the intercept. Estimates in white areas correspond to slopes (Soil Moisture and Land Surface Temperature) or modify Soil Moisture and Land Surface Temperature (LST) slopes additively (interactions). Significance is given as p < 0.1(.), p < 0.05( * ), p < 0.01( * * ) and p < 0.001( * * * ). Further insight in similar models can be found in [44] if the reader is not familiar with this model output.
Figs. 7 and 8 show the predicted effect of soil moisture on the potential burned area. Dry soils led to an increased risk of forest fire propagation in most regions and months (see Figs. 7 and 8 , respectively), with the exceptions of northwestern Portugal and the month of September. High temperatures facilitated wildfire spread in the north of the Iberian Peninsula and in northwestern Portugal (see Fig. 9 ). Unexpectedly, the effect was opposed in the Mediterranean region (see Fig. 9 ). No significant effect of temperature was found in the other regions. The highest propagation risk was reported on summer, especially during June (see Fig. 10 ).
Coniferous forests were the land cover with higher potential spread, while the risk was the lowest in broadleaved forests, grasslands, heathlands and moors, and woodland-shrub transitions (see Fig. 11 ). The Mediterranean region showed higher risk of large wildfires than other regions (see Fig. 12 ).
The validation of the model proposed in (2) showed that 83.3% of wildfires were under the predicted maximum extent. The remaining 16.7% showed a maximum error of 40.5 ha. The validation for the complementary model defined in (3) resulted in 83.5% of accuracy and a maximum error of 44.6 ha. Using the model in (4), the accuracy was of 84.8%. It is important to note that only one out of the 86 episodes exceeding the extent predicted in (4) presented a very large error (1487 ha), while the remaining fires had a maximum error of 40.8 ha.
V. DISCUSSION
A. Soil Moisture and Land Surface Temperature Condition Wildfire Spreading
SMOS-derived soil moisture was found to be an important explanatory variable in evaluating fire propagation, in particular the potential extent of wildfires. Results showed that wet soils strongly limited burned area in the Iberian Peninsula whereas drier soils increased the potential risk of large forest fires (see Fig. 6 ). This result is consistent with similar studies in other regions of the world [25] . Also, as expected, an inverse effect was found for land surface temperature, as large wildfires usually occurred in hot conditions (see Fig. 6 ). This study showed that soil moisture and temperature provide complementary information and that high temperatures and dry soils were necessary for the development of large wildland fires. Actually, all forest fires larger than 3000 ha occurred in drier and hotter than normal unburned conditions. A relationship among soil moisture, land surface temperature and burned area was found considering the largest fires in each combination of moisture-temperature conditions. Not surprisingly, a considerable percentage of fires occurred under high temperatures and dry soils, but low soil moisture and high temperatures did not directly determine fire ignition or burned area (see Figs. 5 and 6 ). Indeed, wildfire ignition and spreading are strongly linked to a wide range of variables related to human, weather and biogeographical factors not considered in the model (see [5] and [13] ). Particularly, the contribution of wind is essential in most cases, and the inclusion of this variable in combination with moisture and temperature must be a next goal in this line research. However, note that in high fire risk situations, the final burned area may not be in agreement with the extent predicted by fire risk indices [44] , as other factors such as fire extinction capacity are not considered.
The land cover which resulted more vulnerable to wildfire spread was coniferous forests (see Fig. 11 ). The fact that conifers are prone to fire propagation is also found in previous works, which also stress that broadleaved forests are less dangerous areas [8] , coherently with the results here obtained. In contrast, unexpectedly, wildland fires burning in sparse vegetation covers reached important sizes (see Fig. 11 ). We suggest that, possibly, part of this lands might correspond to abandoned crops intermingled with other vegetation areas. In that sense, it is interesting to note that burned area in the Iberian Peninsula during the last decades ) is increasing in non-forested areas and decreasing in forests [44] . Nevertheless, a more detailed analysis of this land cover type would be needed to understand this effect. Also, the median burned area in mixed forests and sclerophyllous vegetation was higher than in other land covers. Concerning to sclerophyllous vegetation, its increased propagation risk is probably due to the fact that xerophytic vegetation is more flammable than mesophyitic vegetation [44] . Finally, note that the described effects of land covers on fire extension can be related also to other factors affecting fire propagation. For instance, coniferous forests are partially located in areas where topography facilitates the rapid spread of fires, and limits the accessibility of fire extinction services. Topography also conditions the local vegetation distribution [13] .
The region accounting with the largest forest fires was the Mediterranean (see Fig. 12 ), which recorded few (only a 5%) but large wildfires in the study period. The region is characterized by dry soils and high temperatures. On the one hand, this limits the fuel availability and, consequently, the number of ignitions. On the other hand, after some years of low fire activity, a substantial amount of fuel is accumulated, facilitating the development of large fires in the driest summers (e.g., 2012, [8] , [44] , [45] ). The effect of dry soils increasing burned area is more evident in the Mediterranean (see Fig. 7 ), coherently with the climate-fire link in the region.
The effect of temperature on fire spread was unexpected in the Mediterranean. Actually, the relationship between burned area and surface temperature was negative (see Fig. 9 ). This might be explained by 1) the strong influence of soil moisture on the predicted potential burned area in the Mediterranean, 2) the importance of other factors not considered in this study (e.g., wind and orography), and 3) the fact that the studied forest fires in the region occurred in hot conditions (>297 K; see Fig. 9 ). The latter point suggests that surface temperature could be a factor weakly conditioning the extent of large wildfires burning in the warmest soils. A similar conclusion could be drawn in the central Peninsula, where no relationship was found between burned area and temperature, and forest fires burned at temperatures higher than 306 K. However, this is unclear as the sample for the central Spanish region is little (n = 6), and the lack of temperature effect was also observed in northeastern Portugal, where the range of temperatures prior to fire occurrence was wide (see Fig. 9 ).
In the northern Peninsula and the north of Portugal, which are the more humid regions, warm and dry soils increased the potential burned area (with the exception of northwestern Portugal, where only the moisture effect was significant). In these regions wet soils prevail. Consequently, fuel is largely available but its low flammability limits the spread of wildfires. Generally, large forest fires occur in humid regions when drought and/or heat events dry the available fuel [8] . This can explain the effect of dry soils and high temperatures increasing propagation risk in these regions. A similar effect was found in dry soils of the central Iberian Peninsula (see Figs. 7 and 9) .
Finally, dry soils increased the potential extent of fires during most months, and especially in summer (see Fig. 8 ), possibly being a trigger factor at high temperatures. Also, summer months were the ones with higher burned area. However, the increased effect on June is probably due to a limited sample (n = 7; Fig. 10) .
B. Predicting Potential Burned Area as a Risk of Fire Propagation
The model proposed in (2) explained an important part of the variance (68%) of the potential burned area as a function of moisture-temperature conditions. The validation showed 83.3% of agreement with a maximum error of 40.5 ha.
Soil moisture explained 33% of the potential burned area variability. This result suggests that the use of remotely sensed soil moisture data could help anticipating forest fires extension in the Iberian Peninsula. Also, the near real time availability of the SMOS dataset in the region facilitates its application in early warning systems in the Iberian Peninsula. The applicability of land surface temperature in fire prevention services requires further investigation for the prospect use of forecasted and/or remotely sensed temperature data. Previous results suggested that combining forecasted surface temperature with remotely sensed soil moisture partially explains burned area [46] . Here, the effect of surface temperatures was only clear in some regions, and it should be a matter of future research especially in the Mediterranean region. Regarding land cover, region, and month, these variables are easy to obtain and apply.
A complementary model excluding the month of occurrence (see (3)) was needed for validation and future application in the months of January, May, November and December, which accounted with small samples. Similarly, a model excluding land cover was defined in (4) and it is applicable in agricultural areas. Both equations were validated and the results obtained were similar to those from the main model. Also, note that most studied fires burned in northwestern Iberian Peninsula (see Fig. 1 ). The use of a longer fire record would be necessary to neutralize these shifting and to extend the final model to central and Southern Portugal. Then, further research including a larger sample (more years of moisture, temperature and forest fires data) is needed in order to improve the model usefulness. Also, a longer dataset would help improving the reliability of the proposed model, which at the moment is limited by the availability of SMOS-derived data (5 years in this study).
Despite these limitations, the proposed methodology is the start point for future research in two important ways. Firstly, it will be needed to combine surface moisture-temperature data with wind information. Secondly, the proposed methodology sets the basis for future research that integrates soil moisturetemperature and wildfires to a common framework including wind and other weather-related variables, human-derived factors, orography and vegetation information.
At the moment, the implementation of the models is feasible. Results showed how the suggested methodology provides good approximation to the maximum expected fire spread. Its applicability will increase with its integration in more complex fire spread prediction tools.
VI. CONCLUSION
Pre-fire conditions in the Iberian Peninsula were analyzed for the period 2010-2014 using SMOS-derived soil moisture and ERA-Interim land surface temperature data. Low surface temperatures and wet soils limited wildfires spread, while dry soils and high temperatures were linked to large burned areas. A linear regression between moisture-temperature conditions and maximum fire extent explained 43% of the potential burned area variability. The model equation was completed adding land cover, region and month of the fire outbreak, to the moisturetemperature conditions. Finally, 68% of the model variance was explained. Validation showed 83.3% of agreement, with a maximum error of 40.5 ha. As expected, the Mediterranean was the region prone to suffer the largest wildfires. Coniferous forests were the land cover presenting a higher risk of fire spread. Results showed that dry soil conditions lead to large fires in most regions due to the importance of the fuel desiccation.
An operational implementation of the model needs to be adapted to observed or forecasted temperatures, in order to provide near real time information. First approximations suggested that this would be feasible. Complementary models to be used in particular months as well as in agriculture areas should be applicable without significantly increasing the error rate. However, future research is needed using a longer dataset in order to extend the methodology to central and Southern Portugal, and to strengthen the robustness of the proposed models.
The suggested methodology provides a good approximation to the potential fire extent for the case of the Iberian Peninsula, and the operational implementation of the model is feasible. Longer datasets as well as its integration within well-known fire risk indices (e.g., FFMC) would be needed to ensure its practical implementation. 
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